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 As global climate change’s effects bring increasingly difficult growing conditions, it is 
more important than ever to implement resilient farming practices that protect the soil, 
water, and ecosystem services on which we depend. The Iowa Nutrient Reduction Strategy 
(INRS), released in 2013, laid out a framework for an overall 45 percent reduction in 
nitrogen and phosphorus runoff from agricultural landscapes. The practice of using cover 
crops stands out as an essential best management practice (BMP) choice because it 
provides a moderate level of nutrient retention while providing several benefits that many 
other practices do not (IDALS, 2013). Despite their versatility and multi-outcome nature, 
cover crops have seen alarmingly minimal adoption across Iowa when compared with INRS 
goals. It is up to researchers and agricultural organizations to support farmers and their 
advisors to change land management in the state. Without the participation of informed 
farmers, the goals of the INRS may never be met. 
 One meaningful way to support farmers is through agricultural decision support tools 
(DSTs). DSTs are software or apps that guide a user through the decision process. This 
research surveys all DSTs, specific to cover crops, that are available online to farmers. Then, 
drawing from existing literature, evaluates the extent to which these tools possess qualities 
of effective agricultural DSTs and whether the informational desires of stakeholders are 
addressed. Results indicate that seven major cover crop DSTs available to farmers provide, 
with varying complexity and depth, much of the operational and economic information 
desired by stakeholders regarding cover crops. Existing tools provide support to farmers in 
cover crop species selection and understanding the short and long-term costs and benefits 
involved in cover crop implementation. Most of the tools focus on the short-term, with very 
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few addressing the long-term impacts, economically or environmentally, of cover crop 
adoption. Cover crop DSTs do not yet examine systems-level interactions of cover crops with 







 The International Panel on Climate Change (IPCC) has confirmed through rigorous 
scientific study that our changing climate will impact agricultural production. These impacts 
include increasing temperatures, altered precipitation patterns, more frequent extreme 
events, and altered pest pressure (IPCC, 2019). As global climate change’s effects bring 
increasingly difficult growing conditions, it is more important than ever to implement resilient 
farming practices that protect the soil, water, and ecosystem services on which we depend. 
 Many Iowa farmers already see the effects of climate change in their region, with 
erratic weather patterns resulting in yield reduction or total crop failure (USGCRP, 2018). 
The dominant agricultural practices in Iowa have contributed to other environmental issues, 
such as topsoil loss and water pollution, that will undoubtedly compound the adverse effects 
of climate change (Altieri et al., 2015). Iowa farmland loses on average 5 tons of topsoil 
annually. These losses incur financial cost, damage long-term productivity, and pollute 
freshwater sources with sediment and the nutrient and pesticide runoff it often carries 
(EWG, 2011). 
 Nutrient loss from agricultural landscapes in the Mississippi-Atchafalaya River Basin 
(MARB) is the primary cause of Gulf Hypoxia (Marshall et al. 2018). The “Dead Zone” in the 
northern Gulf of Mexico has been a significant environmental concern in the United States 
for decades (Rabalais et al., 2002). Excessive nitrogen and phosphorus in the Mississippi 
River from this agricultural runoff feeds algal growth in the gulf, which consumes the oxygen 
in the water, leading to hypoxic conditions. In response to mounting economic losses to Gulf 
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economies, the US EPA convened the Gulf Hypoxia Task Force in 1997, which about a 
decade later called upon the 12 states along the Mississippi river to develop state-level 
nutrient reduction plans (Stoner, 2011). This initiative’s primary goal is to reduce the riverine 
nutrient load in the MARB by 45 percent. Being among the heaviest polluters (Osterberg and 
Kline, 2014), the state of Iowa was the first to answer this call. The Iowa Department of 
Agriculture and Land Stewardship (IDALS), Iowa DNR, and Iowa State University collaborated 
to release the Iowa Nutrient Reduction Strategy (INRS) in 2013. This report outlined an 
overall nitrogen and phosphorus loss reduction of 45 percent from both point and nonpoint 
sources, 41 percent of which must come from nonpoint agricultural sources (IDALS, 2013). 
Point sources (recognized as discernable and discrete pollutant conveyances) represent a 
smaller concern than nonpoint sources, including land runoff and drainage in both 
agricultural and urban contexts occurring when rain or snowmelt carry pollutants to surface 
and ground water indirectly (EPA, 2018). Agricultural runoff contributes the largest 
percentage of nutrient load and must account for nitrogen and phosphorus reductions of 41 
and 29 percent, respectively to the 45 percent reduction targets (IDALS, 2013). 
 Reducing excess nutrients not only protects the Gulf but benefits human systems 
locally by protecting aquatic biodiversity, recreational water accessibility, and drinking water 
sources (IDALS, 2013). Water containing high levels of nitrate and phosphorus are directly 
toxic to animal and human health, especially infants. High levels of nitrate can cause blue 
baby syndrome, while high phosphorus levels stimulate the growth of toxic blue-green algae 
(EWG, 2012). More is being learned about the impact on human health from chronic 
exposure to excessive nitrates. The total costs to society due to water impairments may be 
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considerably higher than previously recognized (Tegtmeier and Duffy, 2005; Temkin et al., 
2019). 
 To operationalize the INRS, guidelines are centered upon the promotion of 
widespread, voluntary adoption of in-field or edge-of-field nutrient-reducing Best 
Management Practices (BMPs) (IDALS et al., 2017). BMPs are production practices used by 
themselves or as part of a suite of practices to prevent or mitigate erosion, nutrient 
transport and sediment runoff at field scales (Tyndall and Roesch, 2014). The INRS 
suggests the use of a wide range of management and land use practices that target both 
phosphorus and nitrogen loss at varying rates of effectiveness and investment (Thompson et 
al., 2014). The INRS report (2013) recommends a reduction in nitrogen applications, use of 
a nitrification inhibitor, reduced tillage, incorporation of buffers, extended livestock 
rotations, energy crops replacing row crops, cover crops, bioreactors, perennial crops, and 
wetlands as viable options. It is ideal to implement more than one of these practices on a 
farm to maximize benefits. 
 The INRS also encourages strengthened outreach and education to foster 
stakeholder cooperation and action at watershed scales largely through extension 
techniques such as field days and BMP demonstration sites. Given that the strategies 
offered by the INRS depend on voluntary participation by farmers, it is critical that Iowa’s 
farmers are well-informed and heavily involved if the state is to meet its goals. To support 
farmers in expanding conservation adoption, extension offices and outreach organizations 
need to provide farmers access to the information generated by the research community 
and to solicit farmer engagement at every step. 
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 A farmer or landowner’s choice to adopt a BMP and maintain its use over time is a 
complicated process, one that invariably involves tradeoffs and requires a significant 
amount of information (Prokopy et al., 2019). In any given situation, the choice of a specific 
BMP is a function of perceived need, site conditions, field and basin-scale hydrology, cost, 
management complexity, and farmer preferences and capacity to adopt (Roley et al., 2016). 
The biophysical effectiveness of a BMP at field scales is also highly variable in space and 
time (Tyndall and Roesch, 2014). In the interest of making progress toward the goals of the 
INRS, it is not enough to focus solely on the expected effectiveness of a given practice. 
Widespread adoption of conservation practices must be affordable and appropriate within 
the context of a farm’s operations and effective at reducing nutrient loss. BMPs that are 
comparatively inexpensive, biophysically effective, and multidimensional in the benefits of 
use can be more broadly applied across many farm situations (Roley et al., 2016).  
Perennial crops and wetlands are the most effective BMPs for nutrient loss reduction 
(nitrate reductions of 72 and 52 percent, respectively). However, they are costly to install 
and reduce available cropping acres (IDALS, 2013). Cover crops use stands out as an 
excellent BMP choice because it provides a moderate level of nitrate retention (31 percent) 
while providing several benefits that many other practices do not (IDALS, 2013). 
 Cover crops protect soils by providing ground cover between the harvest and 
establishment of crops such as corn and soybeans when the harvest of these crops would 
otherwise leave the soil vulnerable. In addition to reducing field-level nitrate loss and 
phosphorus loss (IDALS, 2013), cover crops reduce erosion, increase soil organic matter, 
improve soil health, suppress weeds, and provide nutrients for the following cash crop all 
without taking farmland out of production (Magdoff, 1993; Dabney et al, 2001). Among all 
5 
 
the options, cover crops stand out as one of the most promising practices because their use 
does not require a significant change in the way cash crops are managed, opportunity costs 
of use are low, and a significant amount of financial incentives are available to farmers to 
cover direct cost of use (Basche et al., 2018). Cover crops have been promoted broadly by 
the USDA Natural Resource Conservation Service (NRCS) because of their versatility and 
multi-outcome nature in their use at field scales. 
 Despite the specific recommendation of the INRS to increase the use of cover crops 
significantly, adoption of cover crops has been slow and falls far below INRS coverage goals. 
As of 2019, there were somewhere between 900,000 and 1.2 Million acres of cover in Iowa 
(Jordan, 2019), while INRS land use scenarios suggest 12.6 million acres are needed 
(Rundquist and Carlson, 2017). This shows alarmingly minimal progress for such a 
significant goal. 
 There is a growing body of research quantifying the specifics of cover crop 
performance and exploring the challenges farmers perceive in adopting cover crops. One 
way farmers can overcome uncertainties around cover crops is by using agricultural decision 
support tools (DSTs) that transform the research into a usable form for practical application 
in any given farm situation. The objective of this paper is to summarize all the agricultural 
decision support tools available online to farmers regarding cover crops and examine 
whether the available DSTs provide the continuum of information stakeholders have 
indicated they desire. Further, this paper will assess the effectiveness of each DST through 
an original evaluation matrix developed based on similar assessments. The evaluation 
matrix examines each DST for ease of use, transparency, tool capacities, accessibility, and 
peer recommendation. This research should aid farmers, researchers, extension personnel, 
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and other stakeholders by compiling all the tools in one place for easy reference as well as 







 Research strongly supports that cover crops, used intelligently, benefit long-term 
agronomic, ecosystem, and climate services. Cover crops (also known as green manure, 
catch crops, or living mulch) have improved soil health and minimized nutrient and soil 
transport in several cropping systems throughout the United States (and globally) (Delgado 
and Gantzer, 2015). The dominant cropping system in the US Cornbelt region tends to leave 
the ground bare for 6 to 8 months of the year during seasons when conditions for run off 
and erosion are most pronounced (Singer, 2011). As such, in a state like Iowa where in any 
given year ~85 percent of the land area is row-cropped in corn or soybeans, cover crops 
could have a strong effect (USDA NASS, 2017). Broadly applied across many farms, cover 
crops could greatly improve overall water quality at the watershed scale by increasing the 
rate and amount of water infiltration, increasing water storage capacity in the soil profile, 
slowing runoff, reducing soil erosion and reducing nitrate leaching (Blanco-Canqui, 2018; 
Dinnes et al., 2002; Strock et al., 2004; Snapp et al., 2005). These benefits are most 
pronounced when incorporated into a no-till or conservation tillage system (Dabney, 1998). 
Such potential benefits validate emphasis on cover crops by the INRS to achieve its water 
quality outcomes. 
 Many of the same cover crop functions that improve water quality across a 
watershed also improve private, field-level agronomic factors. Cover crops most direct field-
level benefits are provided through groundcover, erosion control and nutrient storage. These 
functions suppress weeds, provide nutrients for the following cash crop, and reduce the loss 
of nitrate from the soil through sediment loss and leaching, thereby reducing the need for 
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inputs such as herbicide and nitrogen fertilizer (Magdoff, 1993; Dinnes et al., 2002; Clark, 
2012). As much as 50 percent of applied nitrogen fertilizer is lost from agricultural 
landscapes (Tonitto et al., 2005) and cover crops are an important tool in mitigating this 
issue (Dinnes et al., 2002). Cover crops also increase soil quality, providing indirect 
agronomic benefits through improved aggregate stability, soil carbon storage 
(sequestration), cation exchange capacity, soil permeability (water infiltration), biological 
activity, and soil organic matter (Dabney et al., 2001; Sainju et al., 2006). Increased soil 
organic matter is a particularly important factor by which cover crops alleviate crusting and 
compaction, improve water infiltration and storage capacity, soil structure and fertility, and 
support soil microbial life which process organic matter into nutrients usable by plants 
(National Research Council, 2010; Magdoff and Van Es, 2009). 
 While the potential benefits of cover crops are somewhat well understood, 
implementation for optimum results on individual farms can be quite complicated. Cover 
crop benefits are dependent on appropriate management decisions as well as complex 
factors beyond a farmer’s control (such as climate and soil conditions) (Daryanto et al., 
2005). Cover crop species must be matched to the cash crop, pest threats, and soil needs 
to achieve effective results (Clark, 2012). Making the wrong management choices could 
result in reduced cash crop yield, higher input costs, or less effective ecosystem or soil 
benefits (Snapp et al., 2005, Dabney et al., 2001). Despite careful planning, unfavorable 
weather may delay establishment of the cover crop or increase nitrate leaching before it can 
be taken up by plants (National Research Council, 2010). Such factors may reduce benefits 
in the short-term, but cover crops still provide long-term soil benefits that may take several 
years to develop. The research shows that cover crops, on average, have a positive effect on 
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cash crop yield (Tonitto et al., 2005; Daryanto et al., 2018; Marcillo and Miguez, 2017). 
There will always be good and poor years in farming, but many of the challenges of cover 
crop implementation can be mitigated by informed management choices (Kaspar and 
Singer, 2011). 
Management Considerations of Cover Crops 
 Cover crops require a significant amount of farmer knowledge and/ or access to 
advice in the choice of cover crop and its management (Roesch-McNally et al., 2018). 
Several studies have examined farmers’ deliberative decision process surrounding cover 
crop adoption and identified key informational desires. The research shows that challenges 
for farmers considering cover crops fall into operational, economic, and social concerns. 
Operational Aspects of Cover Crops 
 Operationally, the various outcomes of a cover crop are a function of the species, the 
productivity and health of the cover crop, and the length of the cover crop’s season before 
termination (Magdoff, 1993). Maximizing the potential benefits of cover crops requires that 
a farmer understands cover crop species options, their potential interactions with the soil 
and the following cash crop, and management decisions related to implementation. 
Management decisions regarding cover crop implementation include species selection, 
timing and methods of planting and termination of the cover crop, equipment required for 
those activities, and potential grazing or forage harvest operations. The factors of 
implementation vary by geography and can vary year-to-year in any given location due to 
local markets for services such as custom planting and seed availability, as well as weather 
(Tyndall et al., In review).  
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 Farmers must select a cover crop species or mix that suits their region and their field-
level goals and farming system. Appropriate cover crop species selection is dependent on 
soil conditions, climate, equipment and management requirements, and the intended 
purpose of the cover crop. Each type of cover crop has its own strengths and management 
considerations to optimize benefits. For example, legumes (such as crimson clover, field 
peas, and hairy vetch) fix nitrogen from the atmosphere and add it to the soil but also 
reduce erosion and increase soil organic matter (SOM). Grasses (such as rye, wheat, barley, 
oats, and sorghum-sudan grass) primarily scavenge nutrients from the soil with their 
extensive root system, grow quickly and produce heavy surface residue that reduces 
erosion, increases SOM (more effectively than legumes), and suppresses weeds (Magdoff, 
1993). In Iowa, cereal rye (Secale cereal L.) is the most used cover crop (~90% of cover 
cropped acres) primarily due to its winter hardiness and rapid establishment (Bader, 2020).  
 There are several management choices involved in cover crop planting and 
termination operations and these choices must take cash crop into consideration. The most 
common seeding methods in the Midwest are aerial and broadcast application, though a 
seed drill is sometimes used if planting occurs late in the season (PFI, 2020). Cover crops 
may be planted following the harvest of the cash crop, during the summer after a spring 
harvest cash crop but before a fall cash crop, or interseeded so that the cover crop growing 
period overlaps with part of the cash crop growing period (Magdoff, 1993; Clark, 2012). The 
cover crop is usually terminated before maturity; cover crops allowed to set seed may 
reseed themselves and interfere with the following cash crop. Termination of the cover crop 
is accomplished by mowing, plowing it into the soil, herbicide application, rolling and 
crimping (requires special equipment), or simply allowing cold winter temperatures to kill off 
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the cover crop (Clark, 2012; Johnson, 2020). If managed poorly, cover crops can become 
weeds and compete with the cash crop for light, nutrient, and water resources (Magdoff, 
1993). 
 The implementation of cover crops can be a complex process in practice because a 
farmer is balancing the management of a conservation practice with all their other 
management practices on the farm. Some farmers are concerned about cover crop 
compatibility with their current production system and potentially negative yield impacts 
(Arbuckle and Roesch-McNally, 2015). In a broad sense, the compatibility of a BMP with 
existing farming practices increases the likelihood of adoption and continued use (Reimer, 
Weinkauf, and Prokopy, 2012; Carlisle, 2016). Church et al. (2020) found that those 
farmers who have already adopted cover crops are more likely to think of conservation 
practices as part of a whole-farm, long-term system with benefits when implemented 
together. The decision to adopt cover crops is positively influenced by perceived benefits 
and negatively influenced by higher perceived risks associated with cover crop use (Arbuckle 
and Roesch-McNally, 2015). Farmers want information on a systems-level, showing the 
effects of all their farm management decisions relative to cover crops, including fertilizer, 
herbicide, and tillage (Basche and Roesch-McNally, 2017). 
Economic Aspects of Cover Crops  
 Improving farmer understanding of both the benefits and risks associated with cover 
crops would likely increase their adoption. Farmers’ reservations about trying cover crops 
stem partly from uncertainties around basic field-level considerations (e.g., timing and 
methods of planting and termination of the crop, changes to nitrogen applications, the best 
choice of cover crop varieties or mixtures). Many farmers uncertain about cover crops 
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express a desire for more accessible, detailed, and region-specific information regarding 
implementation and private economic risks and benefits of cover crops (Arbuckle, 2015; 
Basche and Roesch-McNally, 2017). 
 Though many farmers are aware of the potential environmental benefits of cover 
crops on both watershed- and farm-scale soil management levels (Arbuckle and Roesch-
McNally, 2015), the decision to adopt often comes down to balancing financial risk with 
environmental stewardship ideals (Roesch-McNally et al., 2017). For example, farmers who 
have adopted cover crops cite improved soil organic matter, reduced erosion and 
compaction as their top reasons for using cover crops while non-adopters cite increased 
labor, uncertainty on crop species, and perceived high cost as the top reasons for not using 
cover crops (Myers and Watts, 2015). Broadly speaking, recognizing that soil health in crop 
fields is critical to the long-term economic viability of farm systems (Bagnall et al., 2020), 
farmers may adopt BMPs that contribute to soil health outcomes because they perceive 
economic value in the conservation effort. Farmers are however, also concerned about 
balancing uncertain long-term benefits with various more certain economic barriers such as 
added cost for cover crop seed and equipment, lack of markets for cover crops, and 
potential effects on the cash crop yield (Roesch-McNally et al., 2017).  
 Cover crops require direct expenses, increased time, labor and at times, equipment 
and/or custom services associated with establishing and terminating the crop; challenges 
that are exacerbated by excessively wet post-harvest and pre-primary crop planting 
conditions (Bergtold et al., 2017). Cover crops can often result in negative short-term 
economic outcomes without cost-share program assistance to offset costs (Plastina et al., 
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2018). Wang et al. (2020) found that cover crop adoption decreases when short-term 
profitability is prioritized. 
 One of the biggest challenges to increased cover crop adoption is the difficulty in 
measuring and assigning economic value to many of the long-term soil health benefits 
associated with cover crops. Valuation is difficult because the level of benefit changes 
based on emergent and dynamic field conditions and commodity market trends. Some 
benefits may take years to manifest or may be most noticeable in extreme situations such 
as drought or on highly erodible land (Bergtold et al., 2017).  A distinct challenge going 
forward is that specific information regarding the economic considerations of cover crops is 
often scarce and lacks specifics. In the interest of increased cover crop adoption and 
continued use, producers need to be well informed regarding financial issues such as direct 
costs, and being able to monetize more complex direct and indirect benefits of cover crops 
to make the initial decision to use cover crops and to manage their economic expectations 
(Bergtold et al., 2017). 
Social Considerations 
 Despite a strong desire for economic information around cover crops, farmers often 
act from noneconomic motives (Carlisle, 2016). The most consistent predictors of adoption 
of any conservation practice are awareness of need and attitudes regarding outcomes 
(Prokopy et al., 2008; Prokopy et al., 2019; Baumgart-Getz et al., 2018). Increasing farmers’ 
awareness of and fostering a positive attitude toward cover crops influences their 
willingness to adopt (Lee et al., 2018; Arbuckle and Roesch-McNally, 2015). Farmer 
attitudes toward cover crop adoption improve when long-term and environmental benefits 
are prioritized over short-term economic benefits (Wang et al., 2020; Arbuckle and Roesch-
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McNally, 2015). Informal education opportunities, such as social networks, play a significant 
role in influencing the decision to incorporate cover crops by improving farmers’ 
understanding of both short and long-term economic effects of cover crops (Wang et al., 
2020). The promotion of farmer-to-farmer social networks as well as improved education 
and technical support is a key strategy suggested to increase farmer adoption of cover crops 
(Arbuckle and Roesch-McNally, 2015; Roesch-McNally et al., 2017). 
 Lee et al. (2018) found that public (e.g. federal and state conservation agencies) and 
non-governmental entities increase cover crop adoption indirectly by influencing farmers’ 
awareness and attitudes regarding the duality of private benefits and social responsibilities. 
This occurs through informal educational events such as workshops as well as through cost 
share incentive programs. For example, the NRCS offers cost share through the EQIP 
program, and by way of financial incentives, helps to create a relationship with technical 
service providers, information, and in a sense an expanded social network that fosters cover 
crop adoption and continued use. 
 It’s been noted that conservation professionals and technical advisors (including 
agricultural input suppliers), who are often key members of a farmer’s social network, are 
critical in fostering positive attitudes regarding conservation (Prokopy et al., 2019). 
Additionally, farmers actively engaged in a formal network that meets regularly (such as a 
watershed management group) have a more positive attitude toward water quality and are 
more likely to utilize conservation practices than those who are not (Pape and Prokopy, 
2017; Lee et al., 2018). The INRS (2013) suggested the creation of watershed management 
groups (WMAs) as part of its outreach strategy. These networks are an important part of the 
15 
 
effort to encourage farmers to adopt and continue to use cover crops (Hanrahan et al., 
2018). 
Cover Crop Informational Needs 
 Ultimately, meeting the goals of the INRS requires behavioral change by farmers so it 
is critical to understand the challenges to cover crop adoption and how they might best be 
overcome. Research shows that farmers recognize the potential benefits of cover crops but 
desire more accessible, specific, and detailed information (see Table 1) and often, technical 
support regarding the implementation and economic considerations of cover crops. Farmers 
need a better understanding of the complex short and long-term economic and 
environmental effects of using cover crops within their farming system. In response, 
scientists and outreach organizations have attempted to address this need by designing and 
making available decision support tools (DSTs). The rest of this paper will focus on the 
qualities of effective DSTs, how existing cover crop DSTs reflect these qualities, and what 
information is not covered by the various DSTs available. 
Table 1. Summary of information desired by stakeholders about cover crops 
Information Stakeholders Desire About Cover Crops Source(s) 
More region-specific information on cover crops 
Basche and Roesch-McNally 
2017 
Basic field-level considerations for timing and methods of 
planting and termination of the crop, changes to nitrogen 
applications, the best choice of cover crop varieties or mixtures 
Basche and Roesch-McNally, 
2017 
Access to advice in the choice of cover crop and its 
management 
Roesch-McNally et al., 2018 
More accessible and detailed information regarding 
implementation 
Arbuckle, 2015; Tyndall et al., In 
review. 
Information on economic risks and benefits of cover crops 
Basche and Roesch-McNally 
2017; Arbuckle, 2015; Tyndall 
et al., In review. 
Information on compatibility with their current production 
system and potentially negative yield impacts 




Monetary value of more complex direct and indirect benefits of 
cover crops 
Bergtold et al., 2017 
Information on a systems-level, showing the effects of all their 
farm management decisions relative to cover crops, including 
fertilizer, herbicide, and tillage 
Basche and Roesch-McNally, 
2017; Tyndall et al., In review. 
 
Decision Support Tools 
 In agriculture, decision support tools (sometimes called decision support systems or 
DSSs) are designed to aid farmers and often their advisors in making more informed 
decisions regarding specific farm management actions. Such DSTs usually take the form of 
software, apps, or paper-based tools designed to lead users through decision stages and 
present likely outcomes from various options (Matthews et al., 2006; Rose et al., 2016). 
DSTs may be dynamic, allowing users to input specific site-level data and guiding users 
through a series of decision steps, analyzing different outcomes resulting from different 
management options, or even suggest an optimal solution based on presented conditions 
(Rose et al., 2016). Or DSTs can be a static source of current decision related information. 
McCown (2002) identified three types of decision support tools: calculator, record keeper, 
and flexible simulator. In the context of agriculture, calculator tools typically have primarily 
economic inputs/ outputs or they involve seeding rates and similar information, record 
keeper tools track data for later review (usually used for regulation requirements), and 
flexible simulators are dynamic, presenting results based on user inputs (McCown, 2002). 
For the purpose of this analysis, DSTs will be limited to computer-based calculator and 
flexible simulator tools as they have the most potential to be current and dynamic. 
 In theory, agricultural DSTs can support a user (e.g., farmers and/ or their advisors) 
in making more effective decisions in an ongoing situation or prepare the user to make 
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better decisions in the future through training (Lindblom et al., 2016). Despite their 
perceived usefulness in theory, many agricultural DSTs have seen limited adoption by their 
targeted users, a socio-technological conundrum known as the problem of implementation 
(Jones et al., 2016; Lindblom et al., 2016; Matthews et al., 2006; McCown, 2002; Newman 
et al., 2000; Van Meensel et al., 2012). The so-called problem of implementation has been 
attributed to several factors involving the development stages of a tool as well as its 
functionality. With the vast resources being allocated to outreach for cover crop adoption, it 
is important to understand the qualities that increase the use of DSTs by stakeholders. 
 Rose et al. (2016) identified key factors influencing uptake and use of agricultural 
DSTs as: cost, ease of use, performance expectancy, trust in the evidence-base, relevance 
to user, and peer recommendation. In terms of cost, Rose et al. (2016) found that tools are 
more likely to be used if they are free. An effective DST needs to be affordable (Bagstad et 
al., 2013); a cost barrier may reduce the accessibility of a DST unless a farmer perceives 
enough value in purchasing access to the DST. Farmers are more likely to use a DST if they 
believe it can provide value for their farm business, such as improved decision-making and 
productivity (Rose et al., 2016; McCown, 2002), and are less likely to use tools that they do 
not perceive to provide such value. Farmers need to make many management decisions and 
“cease to care about (even relevant) tools when they can’t see sufficient practical value for 
action resulting from the output” (McCown, 2002; p 195). An effective agricultural DST must 
address the concerns of stakeholders and reduce uncertainties in expected consequences 
of a decision. 
 When considering reasons for the low adoption rate of agricultural DSTs by farmers, 
Lindblom et al. (2016) points to perceived complexity, tedious data input requirements, low 
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adaptation to specific farm situations, lack of frequent information updates, and poor user 
interface design. Ease of use is an important aspect of a DSTs effectiveness that involves 
the simplicity and clarity of information, visual presentation of information, and time 
requirements (Rose et al., 2016; Lindblom et al., 2016). Bagstad et al. (2013), examining 
ecosystem service tools, determined “as the time required to apply a tool decreases, it 
becomes increasingly practical for widespread use” (p 29). If a tool is too complex or time-
consuming, either due to required data inputs or technical skills needed to operate the tool, 
a user may lose patience and stop using the DST (Rose, et al. 2016; Newman, Lynch, and 
Plummer, 2000). Additionally, technological requirements (such as software purchased 
separately) could decrease the accessibility of a DST to an average user (Rose et al., 2016). 
 Visual presentation of information within a DST is considered the best way to 
increase ease of use (Rose et al., 2016). Matthews et al. (2006) notes that users most 
desire a dynamic DST to: allow faster decision making due to all information in a single 
source, quick and easy production of alternative scenarios, visualize land use scenarios as 
computer-based maps, and account for social, economic, or environmental criteria. 
Conservation implementation is improved when both environmental and economic 
performance are considered (Jones et al., 2016; McConnell and Burger, 2011). This 
suggests that an effective agricultural DST should address both environmental and 
economic concerns. 
 Credibility is a key factor in the success of a decision support tool (McCown, 2002; 
Matthews et al., 2006; Newman, Lynch, and Plummer, 2000; Van Meensel et al., 2012). To 
gain credibility and perform effectively, a DST must build trust with the end user by providing 
relevant, accurate, up-to-date decision-oriented information in a quick, user-friendly way (i.e. 
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ease of use) (Rose et al., 2016). If a user has the perception that information or analysis 
provided by a DST is irrelevant to their farm system or presents inaccurate results, these 
outcomes often constrain the willingness to rely on the information provided by a particular 
tool (Evans, Terhorst, and Ho Kang, 2017). A relevant DST should be flexible, accounting for 
the specifics of individual farm variations (e.g. soil type, field slope, rainfall) (Schwartz et al., 
2018; Rose et al., 2016, McCown, 2002). Additionally, DSTs should use publicly available 
information (weather, prices, policy) along with private, farm-specific information (e.g. farm 
size, machinery, etc.) to ensure that data generated by the tool are realistic and useful for 
farm-scale management decisions (Jones et al., 2016). Tools that are transparent about 
their evidence-base, have up-to-date information, and include users throughout the 
development process end up with results more relevant to their targeted users (Rose et al., 
2017). 
 Many researchers have emphasized the importance of including stakeholders during 
development of a DST through user-centered design. This design approach supposes the 
participatory input of end-users throughout development (especially farmers and agricultural 
advisors) will result in a more relevant and successful tool (Lindblom et al., 2016; Matthews 
et al., 2006; Rose et al., 2017; Van Meensel et al., 2012; Schwartz et al., 2018). A report by 
Rose and Bruce (2018: p 1) offers six steps to improve user-centered design of DSSs: “(1) 
identifying the user and their workflow (e.g., farmer or adviser?), (2) asking if, and how, the 
user would benefit, (3) investigating whether rural infrastructure is in place for the tool to be 
used, (4) testing, with actual users instead of colleagues, whether the system is easy to use, 
(5) adopting a good delivery plan, considering peer-to-peer networking and trusted advisory 
networks, and (6) thinking about how the system will be maintained after release, otherwise 
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it will quickly become obsolete.” DST developers should consider the long-term maintenance 
plan of their tool to ensure its continued relevance after initial funding ends (Rose et al., 
2017). This may involve developing a business plan for the tool and seeking user feedback 
after release. There is a strong need for the involvement of farmers and advisors in the 
development of agricultural DSTs to ensure the tool is relevant, easy to use, and beneficial 
to the target users. 
 Matthews et al. (2006: p 151) noted that “for DSS to be successful they should try to 
empower decision makers rather than forcing them to cede agency to black-box tools 
developed by others." To be accepted by farmers, decision support tools should facilitate 
learning in actions rather than simply prescribe action which by-passes a farmer’s decision 
process (McCown, 2002). Similarly, an effective DST must provide “actionable knowledge” 
which occurs when a producer moves from knowing information to having the ability to act 
upon it in a way that provides value to them (Evans, Terhorst, and Ho Kang, 2017). 
 Though information provided by DSTs can assist in the decision process, farmers 
need to connect with advisors and service providers to help make sense of the information 
(Evans, Terhorst, and Ho Kang, 2017). Farmers rely strongly on the recommendations of 
trusted peers (e.g. neighbors, other farmers) and advisor networks. Likewise, advisors are 
influenced by their farmer clients and peers. Users must be aware of the existence of a DST 
through marketing or peer recommendation; praise or suggestion from a trusted peer is a 
key factor of whether a user will try an agricultural DST (McCown, 2002; Rose et al., 2016). 
Promotion by organizations trusted by farmers and their advisors is an important factor in 
the success of any DST. 
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 Considering the influential role of agricultural advisers, Evans, Terhorst, and Ho Kang 
(2017) suggest that effective decision support systems should support the learning needs of 
producers and their transactions with trusted advisors. By providing transparency through a 
shared source of information, DSTs have the potential to build trust between producers and 
conservation professionals (Ranjan et al., 2019). From a tool development perspective, 
more focus on intermediaries (advisors) as the intended users for DSTs is advised (Van 
Meensel et al., 2012).  
 The Iowa Nutrient Reduction Strategy goals require a significant increase in cover 
crop adoption, yet farmers face many uncertainties and challenges. Lee et al. (2018) found 
that lower confidence in one’s ability to implement cover crops directly lowers the likelihood 
a farmer will adopt the practice.  DSTs can help increase farmer confidence in their ability to 
implement cover crops successfully as well as improve the ability of outreach professionals 
to communicate cover crop information. 
 The above review has identified several operational, economic, and social aspects of 
cover crop adoption, the information desired by stakeholders regarding cover crops, and the 
qualities of an effective agricultural DST. The research specific to agricultural DSTs primarily 
evaluates ecosystem service tools or agricultural support systems generally – not cover 
crop-specific DSTs. Thus, there is a gap in the research regarding these cover crop-specific 
tools which this paper aims to address. The evaluative criteria developed for comparative 
analysis of cover crop DSTs primarily draws upon the frameworks provided by Rose et al. 






 This comparative analysis of cover crop DSTs features an assessment of seven tools 
located through an online search. This analysis focuses on dynamic tools that provide 
results based on user inputs rather than those that only provide a static information 
resource. For the evaluation of these DSTs, the information provided by each is compared 
with informational desires of farmers as identified by the existing research. Additionally, the 
performance of each tool is described by the following evaluative criteria: ease of use, 
transparency, tool capacities, accessibility, and peer recommendation. Currently, several 
government organizations, private companies, and non-government organizations (NGOs) 
are providing resources to aid farmers' cover crop decisions: the Midwest Cover Crop Council 
(MCCC), the USDA Natural Resource Conservation Service (NRCS), Green Cover Seed, 
Sustainable Agriculture Research and Education (SARE), Practical Farmers of Iowa (PFI), 
Iowa Learning Farms (ILF), Iowa State Center for Agriculture and Rural Development (CARD), 
and other Midwestern state universities. Many provide informative resources in various 
formats including books, web pages, videos, podcasts, webinars, and by hosting 
conferences and discussions boards. Through these, farmers and crop advisors have many 
ways of learning the basic principles and technical and economic considerations of cover 
crop use. Only a handful of organizations, however, have developed dynamic DSTs for use by 
farmers and their advisors. 
Tool Selection 
 An exhaustive online search for existing cover crop DSTs was primarily executed 
through an Internet/literature search and following links within university extension websites 
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and non-profit organizations dedicated to agriculture. The search focused on states within 
SARE’s north central region, including all states in the Midwest (Illinois, Indiana, Iowa, 
Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, and 
Wisconsin). This choice was made for several reasons: these states all have a role to play in 
nutrient reduction on the Mississippi-Atchafalaya watershed, share similarities in climate, 
soil, and topographical characteristics, and dominant agricultural practices. Although the 
emphasis on cover crops is not equivalent in all Midwest states, there are at least some 
cover crop outreach efforts in each. 
 Of several available tools with varying levels of complexity and format, seven cover 
crop DSTs were selected for evaluation within this study (see full descriptions in Table 3) 
including: Cover Crop Decision Tool by Midwest Cover Crop Council (MCCC), Smartmix 
Calculator by Green Cover Seed, LLC, Cover Crop Cost Calculator by Iowa Learning Farms 
(ILF), Cover Crop Economics Tool by Natural Resource Conservation Service (NRCS), Nutrient 
Tracking Tool by Tarleton State University (TSU), and two tools by Iowa State’s Center for 
Agricultural Research and Development (CARD), Economics of Cover Crops and Net Returns 
Calculator. These tools were selected because they have dynamic functionality and are 
freely available online. Table 2 summarizes all the cover crop DSTs under consideration for 
this analysis and table 3 provides a detailed description for each of the seven DSTs 
ultimately selected.  
 Several of the tools surveyed were disqualified from evaluation (see Table 2) because 
they were very narrow in scope (e.g. Iowa Learning Farm’s Cover Crop Seeding Rate 
Calculator which only calculates the seeding rate for a test strip area), too complex to be 
accessible to farmers (e.g. AgroEcosystem Performance Tool which requires ArcGIS), a static 
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information resource that does not incorporate user data (Cover Crop Options – U of MN, 
Cover Crop Chart – USDA-ARS, Midwest Cover Crops Field Scout – Purdue University), or 
were still under development during this study (Cover Crop Project – U of Illinois Urbana-
Champaign). These tools could still provide benefit to farmers looking for more information 
on cover crops, but they are not dynamic DSTs as described in the literature.  
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Table 2. Survey of cover crop decision support tools 




Cover Crop Decision Tool 
Rates cover crop species on appropriateness for user's county, 
cash crop, soil drainage, and conservation goals Web Yes Dynamic, well-known tool 
MCCC (Midwest Cover Crop Council) http://mccc.msu.edu/covercroptool/covercroptool.php 
SmartMix Calculator 
Suggests cover crop species mix based on user inputs; includes 
real-time price quotes and seed availability from GCS Web Yes Dynamic, well-known tool 
Green Cover Seed, LLC https://smartmix.greencoverseed.com/ 
Cover Crop Cost Calculator 
Calculates total operating costs per acre for the application of 
cover crops 
Excel Yes 
Accessible partial budget 
calculator 
Iowa Learning Farms 
https://www.iowalearningfarms.org/content/cover-crop-
resources 
Cover Crop Seeding Rate 
Calculator 
Calculates seeding rate for a field test strip area 
Excel No Too simple, based on MCCC 
Iowa Learning Farms 
https://www.iowalearningfarms.org/content/cover-crop-
resources 
Cover Crop Economics Tool 
(CCET) 
Calculates short and long-term net economic benefits of cover 
crop use 
Excel Yes 
Dynamic, most complex 
Excel tool for cover crops, 
attempts long term 
economic valuation NRCS 
https://www.nrcs.usda.gov/wps/portal/nrcs/ia/technical/dma/
econ/NRCSEPRD385825/ 
Net Returns Calculator for Cover 
Crops Terminated with Herbicide 
Calculates economic net returns for cover crops terminated with 
herbicide in a corn/soybean rotation 
Web Yes 
Simple tool associated with 




Economics of Cover Crops 
Partial budget calculates short term net returns for cover crop 
use within grazing or non-grazing system 
Excel Yes 
Dynamic, incorporates 
grazing element, based on 






Table 1. Continued 




Nutrient Tracking Tool (NTT) 
Simulates nutrient and sediment runoff rates from user inputs 
and public data 
Web Yes 
Dynamic, complex but claims 
to be user-friendly, 
calculates external 
environmental benefits TIAER at Tarleton State University https://ntt.tiaer.tarleton.edu/welcomes/new?locale=en 
Midwest Cover Crops Field Scout 
Offers info on basic cover crop concepts and Pure Live Seed 
Calculator but most content requires subscription Android/ 
iOS 
No 
$2.99 subscription cost and 




Cover Crop Options 
Web page with basic information about cover crops in 
Minnesota 
Web No 
Static web page, basic 
information 
U of MN 
https://extension.umn.edu/cover-crops-minnesota/cover-crop-
options 
Cover Crop Chart Comparative chart styled after periodic table 
Web No 





Cover Crop Project 
Simulates cover crop growth within farm-specific parameters to 
show expected economic and environmental benefits 
Web No 
Under development with 
unknown release date, not 
functional at time of this 
research 





Simulates long-term results of agroecosystem experiments 
ArcGIS No 
Requires ArcGIS and high 
technical skill so not 




Crop Sequence Calculator 
Provides information to aid producers in evaluating risks 
associated with different crop sequences 






Table 3. Descriptions for Selected DSTs 
Cover Crop Decision Tool by MCCC 
In this web tool, users are asked to provide location (state and county), cash crop, plant and harvest dates, soil 
information (drainage class and flooding), and may choose up to three cover crop goals (e.g. nitrogen scavenger, 
erosion fighter, soil builder). The output lists cover crop options rated (0-4) for how well they achieve each of the 
three goals selected. A calendar laid out in horizontal format with colored bars indicates optimal seeding dates. 
Further information is available by clicking each crop. 
Smartmix Calculator by Green Cover Seed, LLC 
Users can create cover crop seed mixes in this web tool. Users provide basic field-level details (e.g. next cash 
crop, seeding method). Users select up to three cover crop goals. In the next step, users select one or more 
cover crop species from options categorized as excellent, good, marginal, and risky. Several metrics are offered 
in a visual “progress bar” format to show how well a seed mix serves the selected goals. The result is a summary 
of total seed costs. 
Cover Crop Cost Calculator by ILF 
This Excel tool calculates total operating costs per acre for the use of cover crops either with or without chemical 
termination. Users provide information for up to six cover crops and the cost of seed (in lbs/ac). 
Net Returns Calculator for Cover Crops Terminated with Herbicide by CARD 
This web tool calculates net change in profits for cover crop use. Users answer questions regarding location 
within Iowa (e.g. northwest, east central), following cash crop (corn or soy), and expected crop price. Users also 
answer questions about cover crop planting and termination practices. A partial budget worksheet appears with 
some values filled in based on survey data. Users can edit values for each category if desired. 
Economics of Cover Crops by CARD 
This Excel tool is a partial budget calculator accounting for one season but offers more farm-specific options 
than the Net Returns Calculator. It allows budget calculations for cover crops across a whole farm as well as for 
grazing cover crops. Both scenarios allow user input of revenue and cost information for up to five fields and five 
different groups of livestock. The summary shows added income, added costs, and net economic gain or loss 
results per year, per field, per acre, per animal, and for the whole farm. 
Cover Crop Economics Tool (CCET) by NRCS 
This Excel tool shows cover crop costs and benefits in both the short and long-term. Users may start a new blank 
model after specifying crop rotation length (up to 5 years) or select one of the default scenarios (e.g. 
corn/soybean rotation - with grazing) which automatically inputs data. Users add information to a partial budget 
worksheet about cover crop rotation costs and benefits (including grazing, forage, and seed production if 
applicable). Short term analysis shows annual net benefits. Long term analysis offers net benefits for up to a 30-
year period, including soil fertility and water storage benefits. 
Nutrient Tracking Tool (NTT) by Texas Institute for Applied Environmental Research (TIAER) 
This web tool allows users to see possible environmental impacts of their cropping and conservation practices 
(e.g. cover crops or reduced tillage). Users input detailed, site-specific information (area selected in Google 
maps) and farm management practices. Results show changes in total nitrogen and phosphorus loss, hydrologic 
flow, total sediment loss, and crop yield. NTT runs the Agricultural Policy Environmental eXtender (APEX) model 




 With the intent to evaluate the effectiveness of each of the selected cover crop DSTs, 
an original evaluative rubric was developed for a comparative analysis. This rubric draws on 
the research regarding agricultural and ecosystem service DSTs described in the literature 
review. Within the evaluative rubric (see Table 4 for full rubric), there are five major 
categories: ease of use, transparency, tool capacities, accessibility, and peer 
recommendation. Sub-categories and guiding questions were developed for each of the 
major criteria to further define the important metrics needed to assess the tools. Although 
the research suggested more than five possible criteria for analysis, these were chosen for 
reasons of limited resources by the researcher and objectivity (as much as possible). For 
example, farmer impressions of a given tool’s credibility, suggested by McCown (2002) and 
others, is quite subjective and cannot be adequately assessed without conducting a survey 
soliciting farmer opinions of these DSTs. 
 In addition to evaluation for effectiveness by the rubric criteria, the selected cover 
crop DSTs were evaluated for whether they provide the information desired by farmers 
regarding cover crops (see Table 1). By focusing on concrete information about cover crop 
implementation and economic considerations, this part of the analysis will begin to assess 








































Are data sources clearly documented? 
Clarity of 
Instructions 
In which formats are instructions available? Is it clear who made the tool? 
Does user-interface clearly guide user? Does tool utilize any publicly available data? 
Inputs Format 
& Complexity 
In what format are inputs presented? 
Up-To-Date 
Information 
When was tool released? 
Depth of information required from user Is update frequency and content documented? 




In what format are results presented? Does the tool have up-to-date information? 
Complexity of information in results? 
Development 
Target Users 
Quality and extent of visual results (Limited/ 
Good/ Better/ Best) 











Cost Monetary cost to access 
User Support 
Is support available from professionals? 
Tech 
Requirements 
In which formats is tool available? Is training or demonstration available? 















To what extent does tool allow geographically 
specific inputs? 
Additional program(s) required? 
Flexibility 
To what extent do inputs and outputs reflect 
specific farm variations? 




















Does tool have basic online marketing 
presence, such as a website? 
Learning To what extent does tool facilitate learning? 
Is tool subject of a peer-reviewed article? 
Outputs 
Does tool connect economic and 
environmental impacts? 
Is tool promoted by a government or 
university extension office or non-profit 
organization? 




1. Ease of Use 
This criterion attempts to capture the user experience of each DST which is one of 
the key attributes suggested by Rose, et al. (2016) affecting DST effectiveness. Ease 
of use involves comprehensiveness of instructions, how well the user-interface 
guides the user to achieve results, and the complexity of inputs and outputs of the 
tool which contributes to the time required to use it. A somewhat subjective 
assessment is also made regarding the visual aspects of a tool. Visualized results 
were suggested by Matthews, et al. (2006) and Rose, et al. (2016). An attempt was 
made to assess the tool from an average user’s perspective rather than a researcher 
or advanced computer user. 
2. Transparency 
Though the literature suggests “credibility” as a metric by which to evaluate DSTs, 
this analysis focuses on the objective aspects of a tool that might lead to its being 
regarded as credible. The transparency criterion encompasses transparency in data 
sources, maintenance of information within the DST (e.g. frequency of updates, date 
of last update),  and aspects of the development process (target users and whether 
target users were involved in development) that could be gleaned from information 
published online about the DSTs. Transparency also relates to accountability, 
assessing whether contact information and training or demonstrations of the DST are 
available.  
3. Tool Capacities 
This criterion assesses the flexibility, geographic specificity, opportunity for learning, 
and the comprehensiveness of outputs (short term, long-term, and connection of 
environmental to economic impacts) offered by each DST. Flexibility and geographic 
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specificity relate to whether inputs and outputs reflect farm-specific conditions 
including soil types, topography, climate data, and field-level management options.  
The more flexible and geographically specific a DST, the more potential it has for 
relevance to its user. The “learning” sub-criterion asks the extent to which a DST 
facilitates the opportunity for learning as part of its main interface. If learning from 
the tool would require significant prior knowledge or independent research by the 
user, then learning opportunity would be limited as a result of using the tool. If ample 
resource links are provided or informative explanations are included within the tool, 
the opportunity for learning would be strong. In the sub-criterion of “outputs,” DST 
results are assessed for whether they address short or long-term outcomes as well as 
if they connect environmental to economic outcomes. 
4. Accessibility 
This criterion aims to describe any costs or technical requirements associated with 
each of the DSTs. This is an important metric because, as discussed prior, any 
monetary cost associated with a given DST, either directly or through the purchase of 
additional software or equipment, could reduce the willingness of farmers or advisors 
to try it. Additionally, a DST that requires complex software or technical skill may 
discourage use by the average computer user. 
5. Peer Recommendation 
This criterion, in a limited fashion, assesses the marketing presence put forth for 
each DST and identifies promotional efforts associating a tool with any established 
farmer network organizations. Basic marketing efforts refer to the existence of a 
website dedicated to the DST. Farmer network organizations include state extension 
offices, soil and water conservation districts (SWCD), Natural Resource Conservation 
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Service (NRCS), state universities, and non-profit organizations such as Iowa 
Learning Farms (ILF) and Practical Farmers of Iowa (PFI). The existence of peer-
reviewed journals pertaining to a given tool may suggest backing by the scientific 






 This section offers an overview of the performance of each of the seven cover crop 
DSTs in context of the evaluative rubric. Since the full rubric is quite large, it is broken into 
smaller sections that make it easier to describe the findings and fit tables on the page in a 
readable format. For each DST, specific answers for each guiding question are provided in 
the rubric tables. As a summary, table 5 overviews each tool’s complexity, outputs, strengths 
and weaknesses. Many of the tools have strengths and weaknesses in common (e.g. most 
lack a connection between environmental and economic impacts). To be concise, table 5 
only lists significant attributes as strengths and weaknesses to represent the capabilities of 
each tool.  Although the rubric contents could stand alone in demonstrating DST 
performance results, general trends in DST performance for each major criterion will be 
discussed in more detail. 
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cover crop species info 
(rated for user goals), 
suggested planting 
and termination dates 
Quick and easy to use Limited farm-specific options 
Visual presentation of results  







custom seed mix with 
option to order seed 
Quick and easy to use Data sources unclear 
Significant crop species options  
Environmental and economic impacts  








associated with cover 
crop adoption 
Quick and easy to use Limited scope 






net change in profits 
with cover crop use 
Quick and easy to use Limited farm-specific options 






net return associated 
with cover crop use 
with or without grazing 
Incorporates grazing/forage usage No video tutorial 






cover crop costs and 
benefits in both short 
and long-term 
Environmental and economic impacts 
Requires significant operational 
knowledge of cover crops 
Shows long term benefits No geographic specificity 
Visual representation of long-term results  








estimated nutrient and 
sediment losses at the 
field scale or at small 
watershed scale 
Most geographic specificity (map selection) 
Requires high technical 
knowledge and time commitment 
Most farm-specific inputs (crop and 
operational options) 
Low user-friendliness 
Web Visual representation of results  
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Ease of Use 
 This criterion assesses each tool for clarity of instructions, time required to gain 
results, the format and complexity of both inputs and outputs, as well as the quality and 
extent of visual elements. For many of the tools, time required to achieve results is thirty 
minutes or less. The more complex tools began to take more time simply due to increasing 
depth and complexity of user inputs. The most complex among the DSTs, the Nutrient 
Tracking Tool (NTT), takes the most time for a user to obtain results due to unclear 
instructions as well as extensive and advanced information required from the user. Despite 
offering the most complex and robust outputs related to nutrient and sediment, the NTT has 
a menu interface that is difficult to navigate and does not offer clear instruction. The 
complexity of inputs and points of uncertainty about how to progress through the tool could 
overwhelm the average user. 
 In terms of the visual elements of DSTs, Smartmix Calculator stands out as the most 
well-designed and visually appealing interface. It uses vibrant colors and interactive 
progress bars that show how cover crop species choices affect progress toward goals 
selected by the user. The NRCS – CCET (Cover Crop Economics Tool) has the best design for 
an Excel tool with its cohesive color scheme, graphs, and interactive elements. Though the 
complexity of information required by these two tools is quite different, both Smartmix and 
NRCS – CCET used visual design to clearly guide the user through the tool. NTT received a 





 This criterion assesses each tool’s data transparency, up-to-date information, user-
centered development, and the availability of user training and/or support. Regarding data 
transparency, the DSTs that accomplished this best were from CARD, NRCS, and Tarleton 
State University. These four tools featured reference lists and links to sources of further 
information. All the cover crop DSTs were released in the last ten years and have been 
updated since 2017. The NRCS tool had the most complete update history documentation. 
There was difficulty finding the update history for both tools from CARD, but these were 
released recently. The most recently updated DST, however, was the one from MCCC which 
added mobile-friendly formatting in September 2020 (announced on the website). All DSTs 
provided a point of contact for users and most offered a video tutorial or demonstration. 
Information about the inclusion of target users in DST development for the ILF, NRCS, and 
NTT tools was not apparent, hence the answer of “uncertain” in the rubric. 
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Table 6. Ease of use results summary 
Ease of Use MCCC 
Smartmix 
Calculator 
ILF - Cost 
Calculator 






















required to get 
results 
30 min or less 30 min or less 30 min or less 30 min or less 1 - 2 hrs 
depending 
on scenario 
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are instructions 
available? 
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manual and 
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at several points; 


































































































































Table 6. Ease of use results summary - continued 
Ease of Use MCCC 
Smartmix 
Calculator 
ILF - Cost 
Calculator 


































In what format 
are results 
presented? 
List of crop 
species 
accompanied 





and pie chart 
Excel table Simple 
budget table 
with option 
to print PDF 
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Table 7. Transparency results summary 
Transparency MCCC Smartmix 
ILF - Cost 
Calculator 
































data source is 
GCS experience 







not source for 
seed costs 
Moderate. 















Is it clear who 
made the tool? 
Yes. Yes. Green Cover 



















Does tool utilize 
any publicly 
available data? 
Yes. Soil and 
climate data 
Yes. Climate data 







Yes. Long term 





















When was tool 
released? 
















annually to add 
key features and 
bug fixes* 
Yes. Version 




Yes. Updated 2x 




When was last 
update? 
Sept 2020 2019 2017 2017? 2018 Jan 2018 Feb 2020 
Does the tool 
have up-to-date 
information? 












Table 7. Transparency results summary - continued 
Transparency MCCC Smartmix 
ILF - Cost 
Calculator 
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*Note: Information about the release dates, update history and content for Smartmix Calculator was obtained by personal 




 This criterion assesses the flexibility, geographic specificity, opportunity for learning, 
and the comprehensiveness of outputs (short term, long-term, and connection of 
environmental to economic impacts) offered by each DST. By these measures, the DSTs with 
the most robust capabilities are NTT, NRCS – CCET, and Smartmix Calculator. The NTT is the 
most geographically specific, allowing users to select a specific field anywhere in the United 
States from Google maps. Most of the other tools only minimally integrate geographic 
location of the farm beyond the region of the state it is in. An exception is the Smartmix 
Calculator which asks for a zip code and pulls public climate information tied to that. NTT 
also offers the most flexibility, providing extensive farm-specific operational options. The 
next best flexibility is offered by the NRCS tool, providing the option to calculate returns on 
up to a five-year rotation with grazing, forage, and seed production. Smartmix Calculator and 
the MCCC tool both offer significant cover crop options, though the MCCC tool is less 
geographically specific than Smartmix Calculator. The ILF tool and Net Returns Calculator 
are the most limited farm-specific options, focusing on very few possible crops and minimal 
geographic specificity. 
 The outputs of the NTT and NRCS tool are the only that address both short and long-
term benefits of cover crop use. The NRCS tool does this in the most detail with the inclusion 
of soil fertility and water storage benefits in its calculation. Smartmix Calculator and NRCS - 
CCET are the only tools that connect environmental outcomes to economic outcomes. 
Smartmix Calculator does so by associated cover crop seed costs to expected environmental 
benefits for a seed mix. The NRCS tool does this by calculating long-term returns in the 
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context of expected soil and water benefits for up to thirty years. The NTT does compare 
potential yield outcomes in each scenario, but monetary value is not expressly given. 
Assessment of DSTs Regarding Informational Desires of Stakeholders 
 Beyond the rubric, tool capacities may also be assessed by whether and to what 
extent each DST provides the desired informational needs of stakeholders, as summarized 
in Table 1. Primarily, stakeholders desire more accessible, detailed, region-specific 
information on cover crops that addresses uncertainties around basic field-level 
considerations (best choice of cover crop species or mixtures, timing and methods of 
planting and termination of the crop, and changes to nitrogen applications), economic risks 
and benefits of cover crops, and monetary valuation of the more complex direct and indirect 
benefits of cover crops. Additionally, stakeholders desire information on a systems-level that 
details the compatibility and effects of cover crops on other farm management decisions. In 
this regard, the suite of available cover crop DSTs provide answers to most of these 
informational needs, except for systems-level compatibility information. 
 Information regarding field-level implementation of cover crops comes most strongly 
from the Smartmix Calculator and MCCC tool. These DSTs provide the most robust cover 
crop species selection, giving the user an opportunity to explore detailed operational 
considerations for various species and mixes and how they could meet potential field-level 
goals (e.g. erosion control). While both tools generate appropriate cover crop species based 
on user inputs, the MCCC shows optimal planting and termination dates in a visual calendar 
format. Information regarding economic costs and benefits of cover crops is provided for the 
short-term by ILF Cost Calculator and both CARD tools. The ILF tool and Net Returns 
Calculator offer the most limited short-term economic information about cover crop costs, 
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while CARD’s Economics of Cover Crops tool provides a more detailed short-term economic 
assessment. The NRCS tool offers the most robust economic information, assigning 
monetary value to some of the long-term, indirect benefits of cover crops. None of the 
existing DSTs offer detailed systems-level information showing how cover crops might 




Table 8. Tool capacities results summary 
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 This criterion assesses each tool’s cost and technological requirements for use. 
Overall, the accessibility of the selected cover crop DSTs is very high. None of the tools 
require a monetary investment to gain access. Even the most sophisticated tool, the NTT, 
requires no more than a stable Internet connection and a web browser to run. A few of the 
DSTs require the user to have access to Microsoft Excel, but this is a very common program 
for even basic computers. The Smartmix Calculator and NTT are the only DSTs that required 
the creation of an online account for access, but a simple username and password are all 
that is necessary. Each DST was tested on a PC running Windows 7 and on Chrome and 
Firefox browsers. Some of the tools may have compatibility issues on other operating 
systems or browsers. For example, the NRCS tool did not function on a computer running 
OSI (personal communication). 
Peer Recommendation 
 This criterion assesses each tool’s online marketing presence and recommendation 
by organizations or by peer-review. All the cover crop DSTs, to varying degrees, are promoted 
by well-known agriculture-related organizations such as the USDA NRCS, Iowa State 
extension, or PFI. All the tools also had presence on a website dedicated to the tool 
specifically except for the ILF Cost Calculator. This tool is hosted on the ILF web site in a long 
list of links under the heading “Cover Crops Resources.” The NTT and tools by MCCC and 
CARD were found to have peer-reviewed articles associated with them, but the ILF Cost 
Calculator and the Smartmix Calculator do not. The existence of peer-reviewed articles 
associated with the NRCS tool is uncertain; none were found during this research, but the 
scientific rigor of this DST suggests the possibility. 
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 To resolve the problem of implementation identified by McCown (2002) (i.e. DSTs are 
useful in theory yet have seen limited use), it is vital to assess the offering of cover crop 
DSTs and evaluate their effectiveness toward increasing cover crop adoption by farmers. To 
accomplish this, cover crop DSTs need to answer the information needs farmers have 
expressed. This evaluation of cover crop DSTs for the US Midwest region found the suite of 
available cover crop DSTs begin to answer many farmer concerns and mostly hit the mark 
on accessibility and transparency but some struggle on tool capacities, ease of use, and 
peer recommendation. 
 From an accessibility standpoint, all the cover crop DSTs perform well by being freely 
available and requiring only an Internet connection and commonly known software (i.e. 
Microsoft Excel). A potential caveat to this assessment may lie in region-specific Internet 
access and computer usage among farmers. According to a 2019 report by USDA-NASS 
(National Agricultural Statistics Service), 75 percent of farm households nationally report 
access to Internet and 73 percent report access to a desktop or laptop computer. Though, in 
states like Iowa with a large portion of the populace residing in remote rural areas, these 
numbers may be exaggerated when considering connection speed and consistency needed 
for more advanced precision farming technologies (Boshart, 2019). A slow connection speed 
would, for example, severely limit the possibility of using a cover crop DST out in a farm field. 
 To some degree, a potential barrier to adoption of these software programs may lie in 
the average age of farmers and their computer abilities. Younger farmers and advisors more 
readily use technological DSTs than their older counterparts (Newman et al., 2000). Most of 
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the tools provide reasonably transparent data sources and up-to-date information except for 
the ILF Cost Calculator. There is room, however, for improvement in the availability of update 
frequency and version history records. Despite these strengths, some of the tools become 
less accessible due to ease-of-use factors.  
 The MCCC and Smartmix tools stand out as the most straight-forward, easy-to-use 
tools offering specific information about cover crop implementation (e.g. cover crop species 
selection, planting and termination dates). Farmers more readily accept DSTs that facilitate 
learning in action rather than those that take the farmer out of the decision process 
(McCown, 2002) and these tools provide ample learning opportunity. However, these DSTs 
allow minimal flexibility and geographic specificity in field-level details that may impact cover 
crop performance, limiting the usefulness of tool outputs. Alternatively, the Nutrient Tracking 
Tool has the most potential complexity and depth of outputs for farmers, but it has low ease 
of use for those without strong computer abilities or the aid of a trained professional to 
make sense of the interface and outputs. 
 For a cover crop DST to be optimally effective, there must be a balance between 
complexity and ease of use. Farmers want to know specifics about cover crops, but as a DST 
becomes more complex, it also becomes less accessible and approachable by farmers and 
their advisors. We know that farmers rely on trusted advisors, especially when they lack the 
confidence to act on a new field practice. A DST that facilitates communication and trust 
between farmers and their advisors would likely be the most helpful toward increasing cover 
crop adoption. Therefore, this researcher agrees that further development of cover crop 
DSTs should focus on agricultural advisers as the target user. 
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 Existing cover crop DSTs provide some region-specific information regarding 
implementation and economic risks and benefits of cover crops, though not all do so to the 
same degree. The similarly named tools (Economics of Cover Crops by CARD and Cover Crop 
Economics Tool by NRCS) both offer a partial budget calculator that begins to show the 
specific costs and benefits of cover crops. While both DSTs are useful and built on valuable 
and transparent data sets, the NRCS tool offers the most robust outputs with the inclusion 
of long-term soil benefits. Among the cover crop DSTs, there is a lack of systems-level 
information showing the effects of all farm management decisions relative to cover crops. 
Many of the tools focus on short-term benefits and offer only economic or environmental 
impacts of cover crop use, but only three tools attempt to make the connection. The NRCS 
Cover Crop Economics Tool makes the most detailed attempt at this while Smartmix 
Calculator and NTT make the connection to a limited degree. This connection between 
economic and environmental outcomes of cover crops would begin to address farmer 
concerns about cover crops’ compatibility and represent cover crops’ potential long-term 
effects on a farming systems-level. An opportunity for improving cover crop DST 
effectiveness would be an emphasis on incorporating long-term benefits in both economic 
and environmental aspects. 
 There exists a difficult challenge in this respect because many of the environmental 
benefits of cover crops are not valued economically in this society, and their benefits are 
often most pronounced in the long-term and combined with other conservation practices 
(Dabney, 1998). When considered as a standalone practice from a short-term economic 
perspective, cover crops often appear economically non-viable. An exception to this outcome 
is when they are included in a grazing system (Plastina et al., 2018) because grazing has 
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direct economic value tied to the cover crop. Without grazing, the current agricultural 
economic framework does not fully capture cover crops’ potential for long-term farm and 
ecosystem benefits. Water quality, air quality, soil and ecosystem health directly affect our 
quality of living and future productivity but that is not currently reflected in current economic 
valuations. Admittedly, it is difficult to measure and assign economic value to the 
environmental effects of cover crops (or other conservation practices) due to complexities of 
soil dynamics, limitations of measuring tools, and a lack of market valuation on non-
commodities. This is an area of research that needs further development. 
 In regard to existing studies on effective DSTs, it’s important to note that much of the 
literature on agricultural and ecosystem DSTs is focused outside the U.S., specifically in the 
U.K. (Rose et al., 2016; Rose et al., 2017; Rose and Bruce, 2018; Matthews et al., 2007) 
and Australia (McCown, 2002; Newman, Lynch, and Plummer, 2000; Evans, Terhorst, and 
Ho Kang, 2017). Studies based in the U.S. primarily focus on conservation and ecosystem 
service tools (Schwartz et al., 2018; Bagstad et al., 2013) except for Jones et al. (2016) 
which addresses agricultural systems science. There is room for further study on the use 
and perception of agricultural DSTs among U.S. farmers. 
 While several studies promote the involvement of stakeholders and prospective 
users in the development process of a DST, there is very little discussion of improving tool 
relevance after release (and after funding ends). Rose et al. (2017) suggest considering a 
long-term business plan at the start of development to ensure a DST remains relevant and 
to fund effective marketing to improve user awareness. Continued development based on 
user feedback and tracking results data over time could enable DSTs to better serve users’ 
needs. It is unclear whether any of the cover crop DST developers are monitoring user 
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results or building from continued user feedback. This may be a critical element missing 
from existing DST development strategies. 
LIMITATIONS 
  
 Although this research begins to assess the information available to farmers and 
agricultural advisors through DSTs and the effectiveness of those DSTs, there is much that 
is not captured here. Further research regarding these cover crop DSTs should collect direct 
user feedback through surveys, focus groups, and interviews to understand how farmers 
and agricultural advisors interact with and think about these tools. Several aspects of 
further cover crop DST assessment would benefit from user input. Due to time and budget 
constraints, the involvement of human subjects is beyond the scope of this research. 
 Interviewing targeted users could provide more insight into the credibility of these 
tools, which, due to its complexity and subjectivity, cannot adequately be evaluated without 
direct user feedback. Observing real farmers or advisors (from multiple age groups) use the 
tool would quickly reveal any portions that make them question the results and what exactly 
they are looking for to prove the credibility of the information. Additionally, interviewing DST 
creators could determine the presence or extent of user-centered design principles 
employed during development. This research focuses on the tools directly in their published 
form and did not reveal much, if anything, about the development process of these tools. 
 Due to the importance of peer recommendation on whether a farmer or advisor will 
consider using a new practice or tool, there is a need for more detailed investigation of the 
marketing and promotion aspects of these tools. This research only made a basic 
52 
 
assessment of the online presence and promotion of cover crop DSTs. Interviews with the 
developers could shed light on the existing and potential outreach efforts for these tools. 
Surveying farmers could discern if they have heard of a tool and if so, from which source(s). 
This would indicate which channels of promotion are most effective and trusted. 
 Another future research opportunity would be to ask users whether they see practical 
value or learning opportunity in cover crop DST outputs and whether advisors have used (or 
would use) these DSTs as a communication tool with farmers. The research tells us that the 
transactions between farmers and advisors is important and that DSTs can improve that 
interaction. Future research could expand on whether and how cover crop DSTs (or other 
agricultural DSTs) accomplish this. 
CONCLUSION 
 This research project has compiled and summarized all relevant decision support 
tools available online for cover crop use which alone should be useful to farmers and 
outreach professionals as an abbreviated resource guide. This research also provides 
insight into the strengths and weaknesses of existing tools in context with what the research 
identifies as qualities of an effective agricultural DST as well as informational desires 
identified by farmers. This should provide guidance to researchers and would-be developers 
of cover crop DSTs in the effort to improve support for farmers adopting cover crops as well 
as improving promotional efforts. Further, this paper identifies gaps in the research to help 
guide further study toward supporting the needs of farmers.  
 The results of this analysis show that there are seven major cover crop DSTs 
available to farmers that provide, with varying complexity and depth, much of the 
operational and economic information desired by stakeholders regarding cover crops. 
53 
 
Existing tools provide support to farmers in cover crop species selection and understanding 
the short and long-term costs and benefits involved in cover crop implementation. Most of 
the tools focus on the short-term with very few addressing the long-term impacts, 
economically or environmentally, of cover crop adoption. Cover crop DSTs do not yet 
examine systems-level interactions of cover crops with other farm management decisions, 
which is an informational need identified by the research.  
 The complexity of long-term cover crop benefits will certainly be a challenge. Yet, as 
climate change continues to produce more extreme weather, the long-term benefits of cover 
crops may prove more valuable. Cover crops can help mitigate greenhouse gas fluctuations 
and enable better resilience against extreme weather through reduced erosion, better soil 
water management, and nitrogen retention (Kaye & Quemada, 2017). The looming effects 
of climate change will impact us all, highlighting the urgency of increased adoption of 
conservation practices. Agricultural DSTs are just one tool in the effort to improve farmer 
knowledge and confidence in adopting new practices.  
 The INRS laid out a framework for action, but it is up to researchers and agricultural 
organizations to ensure that farmers and their advisors have the support they need to make 
real change in the way land is managed in the state. Without the participation of informed 
farmers, the goals of the INRS may never be met. It is the role of agronomists to support 
farmers in making informed decisions about their farm system. The Iowa State Agronomy 
Department states its mission as: “Seek and promote ways to manage and protect the 
resources that generate the world's agricultural productivity and wealth” and “assist people 
whose goals are to increase agricultural productivity, farm profitability and environmental 
quality in Iowa and around the world.” It is imperative that education and outreach to 
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stakeholders is effective. Research is done in vain if those whom it would most benefit 
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